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MMRlf-r{tings of subjective fatigue and sleep loge provide a simple and useful

means of evaluating aircrow fatigue during real-world operations involving larqe num-
bers of participants working irregular schedules. Evaluations of extended USAF opera-
tions involving transport, tactical, and airborne command post systems are reviewed.
Following onboard crew rest an C-141 transport aircraft flying S- to 9-hour missions,
aircrew performance in simulator missions was significantly deteriorated and occom-
panied by report@ of severe fatigue. Tactical airorews are being trained and evalu-
sted in unit flying at the fast pace expected in the first crucial days of an armed
conflict. Flying 2 to 3 sorties a day for a week or more resulted in reports of. only
moderate fatigue. Daily fatigue was ameliorated by a night of quality sleep. During a
30-hour airborne command post mission, crew fatigue was moderate and not suggestive of
compromises in performance. After mislion completion, severe levels of fatigue were
reported.

INTRODUCTION

The Crew Performance Branch of the USAF School of Aerospace Medicine (UBAPSRN)
has used a variety of psychobiological measures to evaluate crew fatigue in both air-
borne and ground operations. The measures have been selected and developed to allow
flexibility and to minimise interference with operational duties, daily schedules# and
personal activities. The procedures are simple and, after a brief explanation, most
can be completed without supervision. A self-administration methodology has proven to
be a convenience, if not a necessity, for simultaneously collecting individual data
from a large number of crewmen loeated at different duty stations and working irregu-

lar schedules.

The core of our field measurement battery has been self-ratings of subjective
fatigue and daily sleep logs. The subjective aspect of fatigue--the feeling of being
tired--has considerable face validity. The Subjective Fatigue Checklist (BAN Form 13L?
was developed at the School in the 1910g (Fig. I). The scale development methodology
used to create the checklist was state-of-the-art at the time and Is still highly
regarded. it in an undimesitional scale of 9 equal-appeering (based on expert judq-
mont) intervals ranging from very refreshed to extremely tired. It employs a forced-
choice response format which is also regarded as an excel lent technique.

The Subjective Fatigue Checklist is useful in operational studios, not only
because it meets the measurement criteria of reliability and volidity, but because it
is brief, readily understood, easily completed, and simple to scors. The checklist
requires less than a minute to complete and results in an integer score ranging from
0-20 (arbitary units) with lower scores indicating greater fatigue. Interpretation of
the subjective fatigue scores is based on both relative values and absolute scorea.
In geneael, scores of 12 or above indicate feelings of alertness and are interpreted %o
mean fatigue is not affecting crew performance. Scores of 11 down to S indicate moder-
ate feelings of fatigue. Scores of 7 and below indicate severe feelings of fatigue.
While more research is required to establish a firm relationahipp there is some evi-
dance that fatigue scores of 7 to 4 may indicate performance impairment and that scores
of 3 or less very likely indicate degraded performance on complex, demanding teask.
This categorisation of the fati us saores is based mostly upon observation and to a
lesser extent upon data *olleat:? in both operational and laboratory studies.

Circadian (time-of-day) variation is known to occur for subjective fatigue.
For the typical day worker, feelings of alertness and freshness prevail during morning
anO afternoon, while feelings of fatigue become more prevalent in the late afternoon
and evening. 'Feelings of fatigue can be considerable when an individual is required
to be awake during normal sleeping hours (2200-0100). The baseline relationship
between lubjoctive Fatigue Checklist scores and oral temperatures collected simultane-
ounly from the same subjects over three consecutive days Is presented in Figure 2.
Because of this established oircadisn variation, analyses and interpretation of subjec-
tive fatigue scores must often consider the time of day the data were collected.

During most operational tests, we have found it useful to administer the
fatigue chegkliet about once every four hours, although in sow situations it has been
more practical tu tie its administra'"ion to the terminatiod of an operational event
rather than to a scheduled time. The Sloop lurvey (IAN Poerm 154) is usually completed
ones a day (Fig. 3). it simply documents the total hours slept during each 24-hour
period and requires abont a minute for completion. When given the opportunity,
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subjective fatigue ratings and sleep histories are also collected for a few days imme-
diately before (baseline) and after (recovery) the operational test. The availability
of referent baseline data and subsequent recovery data often provides the basis for
recommendations pertaininq to crew rest requirements generated by the operation under
study. The desirability of collecting data from operational crewmen while they are
off-duty and at home provides further impetus for a simple, self-administration method-
ology.

we have used other capabilities and procedures in various field studies. These
include other paper-and-pencil surveys, biochemical analyses of urine samples, oral
temperature, and heart rate. Howeveer, this presentation will concentrate on subjective
fatigue responses and sleep hittories reported during real-world operations requiring
extended duty periods in three diffevent types of USAF airborne operationsi transport,
tactical, and command post. Many of the requests we receive from operational commands
and test agencies are for general human factors support to assist in evaluating the
affects of new equipment on the men-machine interface and overall mission performance.
While we typically include at least a modect evaluation of fatigue in such tests, there
I s seldom any Involvement oa an extended mission factor. The three tests reported here
are unique in this respecty in each case the main objective was to evaluate the etfeit
of extended mission duration on crew fatigue.

C-141 INPLIGHT CREW REST

This test evaluated the concept of resting otf-duty airerews while airborne on
a C-141 transport airceaft. Military Airlift Command (MAC) airorews flying long-range
intercontinental missions must enter crew rest on the ground after completing a basic
16-hour duty day. While the aircrev enters crew rest--or is staged--the mission air-
craft usually continues on ranned by a fresh crew. The staged crew !d assigned to
A nther mission upon completion of their minimal crew-rest period. N

4
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Command planners have identified this approach to renting aicreows as a primar lin-
iting factor to having airlift rapidly available for use in overseas theaters. Avail-
ability of crews to continue missions beyond staging points is dependent on these crews
being properly rested. Current planning factors allow a 9- to 15-hour delay for atag-
ing crews to rest at some enroute staging point whare the follow-on mission is to be
launched. The follow-on mission can be an airland or an aLrdroP mission and an
S include a ful•l crew dutyda The Military Airlift Comand dirnet an evaluation of
methods to reduce the ilme between a sudden execute order and the time when the first
mission aircraft to arrive overseas can be launched for in-theater missions.

One possible solutiun was to use pelletized crew-rest capsules that could be
loaded on C-141 aircraft to provide a facility Within Which staged crew$ may rest while
airborne and enroute to the staging base. This approach could reduce a staged crew's
Initial delay from the 9 to 15 hours required for crew rest down to a 3-hour opera-
tLonal stop for refueling and upload of cargo. Howover, this approach could be limited
due to availability, cost, and sleeping capa*ity of the crew-rest capsules. Therefore,
an austere approach, using standard medli liLtters, was also evaluated for feasibility
as an alternate airborne crew rest mode.

For the record, it must be noted that US~aFAM personnel served only as remote
t consultants foai this test. The field trials were planned and implemented by staff per-

sonnel assigned to the planning and madinal offices at the Headquarters of "he Militar
Airlift Command. They are to be commended for conducting a well-designed fiels
study that incorporated evalustion of operational performance. The blending of real-
world missions with high-fidelity simulator missions provided a veridical and safe

* . means of evaluating the impact of aiterew rest procedures on airorew performance.

The test consisted of four missions, two departed from Charleston Air Fore
base (APB), South Carolina, and two departed from MeGuire AFI, New Jersey. Bach mis-
sioIn wa's comprised of a U.S.-Uurope leg, a 1-hour layover, and a return Europe-Ul.

* . leg. Flying times for each leg ranged from 8.0-0.5 hours. Crew fatigue end ensuing
performance were evaluated in four round-trip crews and four staged crews. Round-trip
crews departed the continental United States (CONUS) and flew the test aircraft to
Europe. After a 3-hour refueling stop, they returned direotly to their home base while
resting onboard in eitheL the capsule or the litters. Staged crews from the same home
base were preposaitioned in Europe in crew-rest status 12-24 hours prior to the sched-
uled return departures. One such staged crew joined each mission for the return leg to
CONUS. On the lurope-CONUS leg of the Charleston miesions, the round-trip crews rested
in the capsule and the staged crews rested in the litterp. On the return leg of the

SMOGuire lsslons, the round-trip crews rested in the litters and the staged crews
rested in the capoule.

Onboard crew rest during the return legs was also evaluated for intervals both
in-. and out-of-phase with normal home station sleep times. One mission from 61ch U.S.
base departed hor., station in the mornirky hours (0910 EST, 1430 3) so that the return
l departed Europe as evening fell on the U.S. last coast (2100418T 0300 8). The
othr mission from each base deported home station in the evening 12130 NOTO 0230 3) so
that the return Is1 departed lurope as the morning hours occurred on the U.I. last
coast (0500 UIST 140 @ In the first case, the return leg temporally aligned with
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the normal home station sleep period fto the test crews. In the latter come, the
re tulrn leg aloigned with the daylight hours at home sattion.

Subjective ýitiguo Checklist ratings were collected from the round-trip crows
approximately one hour after departure from home station and, again. one hour prior to
arrivaI in Europe. tn the return leg, fatigue ratinga were collected tram both the
round-trip cresw and t'he staged crew one hour I~trdeparture and one hour prior to
arrival at home atatici. Sleep records ,*Ie ma=noand by each crewmen for 24 hours
prior to home base departure and throughout the mission. Upon arrival at home base,
both round trip and satg~id crews flaw a 3.5-hour simulator mission which was evaluated
btl examiner. A final fatigue rating was reported by each crewman immediately

c ~reomphletion oftesimulator mission.
Each crew was oomtrised of 2 pilots, 2 flight engineers, and I or 2 loadmas-

term. Altl.C~Ugh subjective data were collected Cram all the crewmen, the date from the
loadmaaters were not inclutled in the evaluation because their work schedule is typi-
cally different from that a.' Itheir fellow orewme-mbers on the flight deck, and loadmas-
toer do not participate in s.~mulator missions. each crewman participated in only one
test mission.

The CONJS-Europe legs of each mission were routine channel missions which the
participatintg airrorws had experienced several times previously. Summary schedule,
s leep, and fatigue data for CONUI-Burope mission segments are presented chronologically
in Ta blea 1. The two crews who flew th morning (0930 EST) departures from home base
reported about 6 1/2 hours of mlvep for the previous night. Crews flying the evening

* (2130 EST) home-base departures reported 9+ hours of sleep for the previous night.
in about 20 studies, it hie$ been our experience that USAF iairtoew typically actuire
7.5-7.75 hour. of ad lib nightly sleep. The requirement to report for duty at lneat
2 1/4 hour. prior to scheduled departure resulted in the morning crews reducing their
sloop by about one hour while the evening departure crews Oslept-in* for an extra hour
or so. It can be noted that most of these crewmen, regardless of departure time,
retired at about 3330-2400 the previous evening.

An hour after departure from home baee both the crews flying the morning and
the evening mission reported subjective fatigue ratings indicative of feeling fresh and
alert. An hour prior to arrival in Europe the crows reported mild fatigue levels, typ-
ical response patterns for tranmatlantic missions of 0-10 hours duration. Iven though
on-duty, one or two members of some of the crews acquired short naps during the. COllIE-
Europe leg. Theme rest periods are encouraged when the mission workload permits.

TABLE I

MEAN BCHEDULZ, SLEEP, AND FATIGUE DATA
FOR CONUS-EUROPE LEGS

ROUND TRIPP ROUND TRIPy
IN-PHASE OUT-OPEPA§3

PREDEPART CONUB SLEEP 6.6 RR 9.3 nR

CONUS DEPART TIME 09 30 NET 2130 SET

FATIGUE 1-NA POST WEART 33.0 12.0

RNROUTE SLEEP 1.3 MR 0.6 a

FATIGUE 1-NI PRr ARRIVAL. 9.J 10.4

EUROPE ARRIVAL TIME 1630 EST 0520 EST

summary schedule, sleep, and fatigue data for the lurope-CONtiE return legs are
presented in Table 2. The staged crews reported about I hours of mslop prior to
departing Europe. An hour after departure,0 all of the round trip crews reported coa-
siderable fatigue while the stagtd crews reported little or no fatigue. Under each
scheduling condition the amount of sleep acquired In the capsule and litters was very
similar. Therefore, for the purposes of this report, these data were combined. both
the round trip crews and the staged crews reported 5-6 hours of onboard sleep on the
return missions which were in-phase with the homes bamessleoop period. Round trip crews
and staqed crews assigned to rist onboard during return logo which coccurred out-of-
phase with the home base sleep period reported only 2-3 hours of sleep. One hour prior

olanding at home station, all of the crews reported mild to mderate levels of sub-
~ jeotive fatigue.

Crews that departed Europe at 2100 SET on the return Ieg were evaluated in the
simulator during the morning hours at home station. Crewn that departed Europe at 0400
NET were, evaluated in the simulator during the night at home station, None of the
crews performed at acceptable levels. Regardlvess of the time of day tested land#



214

therefore, whether the return log occurred in- or out-of-phase with the home station
sleep period), the round-trip crew@ demonstrated about S serious deviations per laission
while the staged crews demonstrated about 4 serious deviations per mission (Table 2).
Most problem& were in the areas of crow coordination, judgment, and use of check-
lists. Trhe examiners noted slurred speech, lengthy discusaion of usually routine proce-
dures, and a general slowness at making decisions. Post-simulator subjective faktigue
ratings corresponded with the levelsa of performance. The round-trip arows reported
severe fatigue upon completion of the simulator mission. The staged crews also
reported strong feelings of fatigue, although their fatigue stores were not as low as
those of the round-trip crews. Based ja these behavoralI and operational findings, it
wanoncudd ena airborne cannot Trelonerabl crewman isaf onboarwhethe mison-dutyr oresing
wnbasd aoncldda airorrew can1lnotr rlabl flywman isaf folloarw-onhe mison-after oresing
crew-rest, the more fatigued he becomes.

TABLE 2

MEAN SCHEDULE, SLEEP, AND FATIGUE DATA
FOR EUROPE-CONUS LEos

ROUND STAGNPI ROUND STAGISD
TRtP1 IN-PHA81 TRIPI OUT-OF-PEAsE

IN-PH~ssOUT-OF-PHABE

PRIDEPART EUROPE "/A 6.2 HE H/A oil KR

EUROPE DEPART 2100 SET 2100 NOT 0900 SIT 0900 NET

FATIGUE 1-HR 7.4 .11.5 7.4 12.4
POST DEART

ENROUTE SLEEP 5.1 HR 5.4 HR 3.2 MR 2.0 MR

PATIGUE 1-HR 7.9 11.0 7.0 9.0

COf4UI ARRIVAL 0640 BIT 0440 NAT 1630 NET 1630 BIT
TIME

SERIOUS SIMU- 7.0 2.5 9.5 5.0

LATOR DEVIATIONS

FATIGUE POST 441 7.4 4.2 7.0

A 7, A-10# AND F-4 SORTIE SURGE

To achieve and maintain total operational readinass, USAF tactical airarews are
being trained and evaluated in unit flying at the fast pace expected in the first cru-
cial days of an armed conflict. Called "sortie surges', a unit may be required to per-
form a month's flying in a week's time. In response to requests trcam operational c.
sands, we have evaluated airorew fatigue during four sortie surg exsorcisess The

* ~~objectiveocf these studies has been to asseess the Impact of Clying demanding multiple ~ ~
* ,missions for several consecutive days on soute and cumulative fatigue. Two of the
* .,*.. urges were conducted at Myrtle Beach~ AFE, South Carolina, and involved A-? and A-10

aircraft, The othe r two surges both involved F-4 aircraft and occurred in the Republic
of Korea and West aermany.

During each of the surges, a Sleep survey wee collected daily from each crewman
upon his reporting to the squadron. A Subjective Fatigue Ch~ockard rating was col-
lected after each sortie. While mortises were flown everyday inal or surge@# most
crewbmen had a few days on which they flow no sorties. Dat nar not collected fromi
crewmen on days they did not fly.

Statistical analyse$ were Selected to detect systematic changes in fatigue
scores both across-days and within-days of each surge *erevise. Several factor$ one-IAý lpliosted the analyses. The number of sorties per' day and the time of day the mortis$
occurred varied as a result of scheduling requia'mentS aOW eW164116d missions. There-
fore, for the purposes of within-day anslyesbe the daily sortie* wore parceled into
four time Interval$ based on sortie termination or landing tinasp JAI an early earning
intervals WI a midday intervalp (C) an afternoon intervalr and (D) Ant evening inter-
val. Not all possible sort ie/time- interval cmbinations occurred and there was a wide
range in the frequency of these that did soaup. Each analyist tested for airerew
effocts, day effects, timn-interval effects, and sortie-within-timaeof fects.
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The evaluation of an A-? squadron flying a two-week sortie surge provides
representative findings for all four of the surge exercises. The exercise was con-
ducted with less than 24 hours notice and was initiated with a simulated deployment
flown over the Southeastern United States. The deployment started at 0100, was of
about a hours diration, and began and ended at Myrtle Beach AFH, the A-7 pilots' home
base. During the next 7 days of the exercise the surge requirement wan 64 sorties a
Idyp during the last 7 days the goal was 36 sorties a day. The two-week surge period
was extended one additional day as a restlt of a serious mechanical problem common to
all the aircraft. The seventh day was a *down* day for the necessary repairs. because
of this intervening shutdown and the accompanying unscheduled crew rest, data were not
collected on the seventh day, and data colleated on the following day (day eight) were
exclded from some of the analyses. All the sorties were flown between 0600 and 2MO0
hours.

Thirty-one pilots each flow 8-lb sorties during the larst evghn days of the
surge, h wpth eahh pilot flying 0-3 sorties per d urin enty-eight of thes pilots each
fsur 6-1 hoetLcs during the ly t seoven days, wh*h eant piot flying 0h2eseoptioe per
day. Separate statistical analyses were performed on days 1-6 and day. 5-15. No sta-
tistically significant (p<.05) between-day differences were found for mean hours ale t
per night or for mean daily fatigue soare. The pilots averaged 3.1 (ranges 7.6 - O.
hours of nightly sleep during the surge. The average daily poitmisalon fatigus score
was 11.8 (ranges 11.5 - 12.2) for days 1-6 and 12.0 (ranges 11.4 - 12.5) for the last
8 days.

Within each day of the surge, feelings of fatigue increased in relation to the
number of sorties flown, with complete recovery occurring by the start of each succes-
sive day. This pattern is apparent in Figure 4 for the first sin days of the surge.
The day-to-day consistency in the absolute values of the fatigue scores reflects the

d ab enoe of a cumulative (across days) fatigue effect.

Statistica1 analyses of within-day changes in fatigue scoaes were possible
after grouping the doily poatsortie scores into four time intervalsl (A) 0600 - 1000i
CD) 1000 - 1400P (C) 1400 - 18001 and (D) 1600 - 2100 hours. During both oe first sin
days and the last eight days of the surge, the mean fatigue ratings reported after cam-
pletion of the first sorties roflected no fatigue, rgardless of the time-of-day the
first sortie occurred (fig. 5). As was ver enerally presented in Figure 4, the
pilots became progressively more fatigued fol .ow ng the second and third sortie (Fig.
I), with statistically significant overall sorti•-within-time effects occurring during
days 1-4 and days 8-1 (pV.00l in both cases).

SSpecific statistical comparisons considered dieferencoe between pairs of sortie
for a given time, between adjacent times for given sortie, and between first and lest
times for a given sortie. Additionally, subtesta analysed *best' available comparisons
by collapsing data across time intervals for sortie comparisons or across sorties foar
time-interval comparisons. The results for days 1-6 and days 1-15 are summarined in
Table 3. Significant statistical differences reinforced the general overall trend pre- )
sented in figure 41 subjective fatigue increased with each sortie flowno while time-
of-day had little or no systematic eofset on poltailsion fatigue scores.

- The subjective fatigue and sleep findings for the other three sortie surges
were very similar to those for the A-? surge. Moderate levels of fatigue were "eportede.1
a Zt the end of each duty day after flying the" ad, occasionally# four sorties. The
daily fatigue was ameliorated by a night s sleep, and cumulative fatigue did not occur
over the one- to two-week surge Intervals. In each case, the moderate levels of sub-
jective fatigue generated by the surge sohedules were complemented by reports o1 accu-
rate bomb-range performance by the airerewe throughout seen surge.

Two factors common to all four of the surges contributed to the abeyance of
operationally meaningful levels of fattgue. First, each of these surges was oonducted
at the airorews' home bases, permitting them to both perform in familiar operational
environments, and to rest and sleep in the aemfortable surroundings of their own reti-
dences. Second, seldom was a crowmantl norma day/night schedule nterupted. Most ofthe sorties occurred during daylight hours, and rest and sleep occurred during normal

nighttime intervals, it has been well established that performance can be maintailon well-learned tasks by highly aotivated people for several days, provided a good
night's sloop is acquired daily, Wt have not yet had the opportunity to evaluate air-
direw fatigue during tactical sortie surges involving nighttime and/or around-the-clock
operations at remote, austere sites. Bm
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TABLE 3

9TATISTICAL rINDINGS (p VALUES) fOR SPECiriC PAIRED COMPARISONS
or rATIGURE SCORES REPORTED DURING A-7 SORTIE SURGS

SO3RTIE COMPARISONS

IORTIUS TtNM-INTARVAL * DAlY 1-6 DAYl 0-15

1 v 2 a .463 C.001
I ve 2 .007 So00
1 ve 3 <.001 <,001
Svs3 C .039 .009
I vs 2 3 .002 <.001
2 vs3 D 414-I ve D .000
I v 2 B÷+C+ <,001 <,001
2 v: C+,Dle
I vs C+D <,001-

TIME-MENTIRVAL COMPARISONS

SORTIE TIME-INTERVALS DAYI 1-6 DAYS 8-15

1 A vs 3 .070 .170
1 ave C .444 .095
1 C va D .465 ,o01
1 A ve C .234 .641
1 A v D ,Olo0 .924
2 a vs C .620 .314
2 C vsD .070 ,702
2 a ve 0 .005 .114
3 C vs D .933
14-2 a ve C .833 .058

1+2+3 C vs 0 ,637
1+2 C, v D .002

* Time-interval A10600-1000i Is1000-1400p CP1400-1i000 Dil$00-2100.

1-43 30-HOUR MISSION
The Air Force Teat and Evaluation Center (1ATIC) conducted a 45-day initial

test and evaluation of the prototype 1-41 Advanced Airborne Command Poet. &. meaor
objective of the test was to evaluate the extended mission capability of the systol, as
both the Itrategic Air Command and National Emergency Airborne Command Post (NIACP)
require continuously airborne operational capability in contingency situations. MNACP
is the Umergency Airborne element of the Joint staff and is an alternate command center
of the National Military Command System. NIACP provides the National Command author-
itiea with the emergency means essential for accurate and timely decisions, including
the coimurhicatiaon required for reliable transmission of those decisions with a minimus
of delay, for the direction of U.i. military forces. To easees the extended durationcapability of the eyitmm, a 30-hour continuously airborne test mission was flown. At
the request of the AlTieC Command Burgeon, we evaluated crew fatigue easociated with the
extended misaion,

, * The 30-hour misseion departed Andrews Arlo Maryland at 0730 CST (0830 81T), 4
February, and landed at Offutt Ale, Nebraska at 1330 CIT, 7 February. Prior to the
extended mission, all test participants were briefed on the purpose, procedures, and
data-collection schedule so th each crewman could assume major responsibility for the
proper and timely collection of his own date. The $6e1 ratio fcrewmen to study
director and the need for at-home data collection during postmission off-duty days is a
case-in-point for the use of a slf-administration methodology.

srlCollection of subjective fatigue ratings and sleep 1os began at about 0600 CIT
shortly after takeoff an the morning of S February. From tha time on, fatigue ratings
were collected at 4-hour intervals around-the-clock during the mislion, and at 4-hour
intervals during typical waking hours for the 3 1/2 days after the mission. A Hleep
survey was acompleted at 0600 (or upon svakenir.g) each daY. This date collection sched-
ule eerved only as a general guideline. Tent participan a were neoer awakened for data
collection. lose fatigue ratings were collected as much as 60-g0 minutes before or
after scheduled tims to allow for uninterrupted work and sleep riods. The VIAFIAN
studr director was onboard during the mission to observe and clect completed mate-vial. Immediately after landing at Offset Ant, each participant was given a supply of
lubjectivo Fatigue Cheekcards and $loop S•rvr*)r to take have for self-administra Lon

auraln the 3 1/2 day poetaiteson period. The study director was avaiiable daill at theOfutk APB 2-43 test office to collect completed forn at the convenience of test

, '•partioipants.
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The SAM subjective fatigue and sleep data from the E6 test participants were
grouped into six functional crew categoriest 9 flight crewmen (S pilots, 2 navigators,
2 flight engineers), 4 stewards, 17 radio and teletype operators (COMM), 12 radio main-
tenance personnel (AMS), 10 aircraft maintenance personnel (OHS/FWM), and 14 members of
the NEACP battle staff. Although the 4 stewards formed a very small sample, their
unique duties and schedule necessitated treating them as an independent group. Such a
smell sample, however, severely limits statistical description and analyses, so these
data were not subjected to all evaluations.

Data were incomplete for various reasons. As expected, some of the 6S crewmen
slept through one or two data-collection intervals. During the mission, no data were
Colleoted from the OHS/rMS and NEACP groups at 0400 because they were all sleeping.
After the mission, some participants departed Offutt ArS on other missions before post-
mission data collection was completed. A few participants never submitted any postmLi-
Sien data. Mean values presented in text, tables, and figures are composites of esti-
mates from the various analyses.

The amount of sleep acquired was documented for the day before the mission, the
30-hour mission, and each of the 3 days following the mission. An initial analysis of
all 5 days indicated that mission sleep data had significantly greater variability than
the data for the other 4 days. Therefore, four separate analyses were performed, in
which esach nonflying day was individually compared with the mission-day (Table 4).
Because of missing data, beet-estimates of means were calculated for the various com-
parisons, resulting in two sets of means for the mission days one set for comparison
to premission sleep (upper portion of Table 4), and one met for comparison with mean
hou r slept during each postmission day (lower portion of Table 4). As noted earlier,
I ostmission date were not available from the NaACp crewmon. Significant group x day
nteractiona occurred in each of the four paired analyies involving the mission day.

Premission sleep was moderately to severely reduced from normal for all groups
but stewards. Standby-alert duty Schedules required some CONN, ONS/VMS, and lIACP per-
sonnel to remain awake during the 20 hours preceding takeoff at 0730 on 6 februar
During the mission, the overall average sleeping time was 7 hours. The NIACP atalf
received the least sleep (4.7 hours), and the OHS/PMS group the most (10.1 hours).
However, the overall range for individual sleep data during the mission was very larges
0.9-20.0 hours. The responsibilities and duties of the vak-ious groups determined when
they could acquire some sleep. For instanoe, most of the OHS/PMS personnel were much
busier during the hours preceding takeoff than when airborne, while the opposite was
the ase for the itewards. The sleep acquired during the mission by mat (72%) of the
participants was frwagmented into two or three intervals separated by an hour or more.
A fifth analysis simultaneously compared the sleep data for the 4 nonflying days. Only
the day effect was significant (p<.001). The least *leep was acquired promission (5.3
amounts of sleep occurred on the second and third postmisuion nights (8.1 and 7.8

hours, respectively).

TABLE 4

MEAN HOURS SLIPT DURING PRIMISSiON,
MISSION, AND THRBE POSTNI5IION DAVS

Preiission vs Mission Day

Flightorew $tewards COMN AMS OM8/SMl NIACP
.... ... . . ... .. --- ... ... ... ...

SPromission 6.1 7.0 4.9 1.5 1.1 4.3
Mission 6.3 5.4 7.1 7.0 10.1 4.7

Mission va Inch Postmission Day

r flighterew @towards CONM AND ONS/MSI

mission 6.1 S.3 6.0 7.9 10.5
Poetmission-1 10. 10.5 11.2 9.0 9.1
Postmisaion.2 8.6 6.1 8.C 7.4 7.6
Postmiesion-3 6.2 10.2 6.1 7.0 7.6

Severe levels of subjective fatigue were not reported during the 30-hour ais-
Sion# but moderate levels did occur as the mission progressed into the evening and
early morning hours (Figs. 6 and 7). Through 1200 on 7 February, a typical airoadian
pattern occurred for both the overall crew means (rig. 6) end, allowing for minor vari-
ations, the means for each crew-group (Pig. 7). even after a night of reduced and dis-
rupted elsee# feelings of fatigue subsided during the last S hours of the mission

hlOh, ithis case, corresponded with the time of day (0100-1600) when most people
feel alert and fresh. In both Figures 6 and 7, this time-related improviny subjective
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fstate is depicted by the general pattern of increasing scotes (learn subjective fatigue)

rom 2400 to 1200 Qn 7 February.

Both mission and postmiesion mean subjective fatigue scores ere presented in
Figure 6 for 0800 end 2000 on each day of the study. The format of Figure 8 highlights
acme group differences in patterns of change during the mission. Comparing the fatigue
levels for each group at 0800/6 February and 0000/7 February, essentially no diffeoence

* occurred for the flightorow and ANN peroonnell the COHM group reported a moderate
increase in fatigue, while the OHS/FMi group felt 1Bess fatigued. The 01M/HIN group
acquired a large average amount of sleep ()10 hours) during the mission. Neat of that.

lesp (961) occurred during the first 24 hours of the mission. The recuperative value
of this sleep, even though acquired in the oirborne-mission environment, wee reflected
In the reduced fatigue reported by the ONt/VJS personnel at 24 hours into the mission.

for each crew category, the greatest amount of eubjective fatigue (lowest
socroe) reported at any time during the study occurred at 2000 on the evenin of 7
February after landing at Offutt API (Figs. 6 and 8). The man scare of only T. for
the flight crew at 2000, while based on only 5 of the 9 members (the others had already
retired for the night), was particularly indicative of intense feelings of fatigue.
The effects of the previous 40-43 hours, combined with the opportunity to slet downs
upon entering home-base postmiasion crew rest, contributed to the high levels of sub-
jective fatigue reported by moat participants on this first evening after mission coa-
pet~ion.

After a night of extended goo4 quality sloep at home (10.1 hours), the crews
were nonaiderably recovered and roereshad on the first poetmission day, as indicated in
Figures 6 and I by the elevated fatigue acores oan February. Comparing saore*
reported at 0000 and 1200 (MIACP omitted) during the last portion of the mission (7
F b) with those reported at the same times after the first night of recovery 1( Feb), a
significant increase (pu.002) in daily moan fatigue scare oacurredl the average scnre
was 10,. during the final airborne hours and 134 a day later,

The mean subjective fatigue scores reported during the first and second com-
plete postmiosion days (S and 3 Feb), plus the need for only normal amounts of sleep on

1 the second postmission night, indicated complete recovery an the morning of 9 February,
about 40 hours--and more importantly, two nights of restful sloep--after mission oom-
piletion. The relatively lower subjective fatique scores reported on 10 February, the
* sat day of postaission evaluation, are probably not related to mission effects. While
no definite explanation can be offered, 10 February was a Saturday, and the conclusion
of the 41-day test period was celebrated the Friday night bý%fore by several of the toot
participants. The poatmiasion fatigue scores collected at 0600o 1200, 1600, and 2000"...0 on 3, 9. and 10 February were submitted to analysis of variance for all participating
-rew-groups but the stowards, for whom too much data were missing. Significant crew-
groups (pu.0l3), day (pa.026), and time-of-day (p-.004) effects occurred (Table 3).
The time-of-day effect reflected typical circadian variation. Additional testing of
the day means indicated no change from g to 9 February, but a significant deorease in
score from 9 to 10 February.

TABLl 5

MEAN POBTMISSION IUJICTIZVI FATIGUE 8COR3I FOR 1-41
CUNR-GROUPSW TZSMI -ON-DAY, AMC

POJI4THIJIZOI DAYS

SCREW GROUP MEAN FATIGUI SCORI

FLIOHTCRIW 140C ONN 14.0J0

ON1/I"1 10.7
A~l 11.4

* . TINE-OF-DAY

0600 13.2
1200 13.4
1600 12.1
2000 10.6

*. iFIOETHI4IIZON DAY

me3 13.1
* .. 6FIS 13.S

to no1 11.6

7011l~
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In summary, the subjective fatigue levels reported during the 30-hour E-48 mis-
sion were moderate and not of a magnitude associated with compromise* in performance
and safety. Although not O' the heat quality, the sleep acquired inflight in the
bunks, in the duty and passenger seats, and even on the floor was of restorative value

8ad contributed to the general absence of severe fatigue during the mission. The high
quality of the meals and the comfortable bioenvironment also contributed to the main-
tenance of crew motivation and moral*. Notable levels of subjective fatigue were
reported on the afternoon and evening following mission completion and entry into post
mission crew rest. After the first portmission night, in which an average of 10 hours
of sleep was acquired (2-3 hours more than usual). the crewmen were considerably recov-
ered and felt generally refreshed throughout the first complete pontmission day. After
the second postmission night of an uninterrupted, typical amount of sleep, the crewmen
had recovered sufficiently to resume normal ground and flight duties. The subjective
fatigue scores were of normal amplitude and pattern.'

Genaralizations are limited for the arew fatigue findings for thin single
30-hour mission. The scheduling involved only one normal sleep period during the air-
borne mission. Greater crew fatigue could result from a 30-hour mission starting in
the early evening hours because two normal sleep periods would be disrupted, the second
during the final hours of the mission. The severe subjective fatigue reported after
the 30-hour mission, about 36 hours after takeoff, is cause for same soncern when con-
sidering the NRACP requirement for a 72-hour continuously airborne capability.
Although this finding was partially a consequence of entering pontmission crew rest,
the data suggest that severe levels of fatigue could occur during the last half of a
72-hour continuously airborne mission. The current fatigue findings for the 30-hour
mission cannot be extrapolated to a 72-hour missionp as any accumulation of fatigue
would be nonlinear.
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DISCUSSION

ORAF SANDIRS MNI)

To what extent do you think studies carried out only ,sing ratings of subjective fatigue have anything
to say about the real state of af fairs? How dogs one know thAt the subject's rating ref lecto him
performance?

AUTHON'S REPLY

1 too m concerned that we have to rely on subjective ratings. If I could "Mature Performance sort
directly I would do so, but we do not yet have the techniques which will allow us to determine
performance in many of the operational situations which we are requested to investigate. Thus smay
of the operations which we have investigated have been organised by others end 4a hae" to do the
beet we can under the circumstancess to evaluate crew fatigue,. You will note that I spoke of
aivroew fatigue and not aircrow, performance. Whenever it is possible we atte t to relate
subjective fatigue ratings to performance as. for examle, in the first study with the C-141.
There we used the asseseaments of performance made by the flight easaminers. I believe that
assessment of faktigue and workload in the field can be improved by incorporating performance measures
such as SWAkT (eet paper No 20). frequently we have to base our rocooussndations on operational
matters, on loes Information then one would wish, Rowever, even with a limited somunt of information,
we can make recommendations which wi~l improve air operations.

PROF aU ~RAIN (NO)

I would like to support the use of subjective ratings. it is preferable, of course, to use
objective measures but subjective fatigue scales do correlate with other indicators. not only
performance but also the incidence of slow waves in the 110, As I will detail in my paper
(No 22). 1 believe that subjective reporting can he of considerable value.

DR.C I ILLINGS (US)

Indeed subjective rating scales are one of the measures which most consistently correlate with
performance Over a wide range of situations.

DR J aALLOWN(UK)

I would asoa like to defend subjective measures. It is saomtimes claimed that objective measurements,
for example tracking performance, are somehow sore valid, Thus thti demonstration that one stress
produces a greater tracking error than another may well have no significance whatsoever in terms of
effectiveness of a mission. objective usasures require as such validation in ter"s of relevance to
operstional effectiveness as do subjective measures.

OR A lUNCK (03)

Should not the minusom value of the rating in the wscale of fatigue during the 30 hour flight occur
at 04.00 hr rather chan 24.00 hrt

I believe that this question rolates to the study of the 343 mission where we found that the

resut dd nt riseanyconcern. There was probably onre sactivity at 04.00 hr then at midnight
andthi alostcerainy dstubedtherhyto hic ocursinundisturbed individuals. The scores

at adniht nd 4,0 hrwere low. Purthermore, one frequently finds fluctuations so that the lowest
soas ty ccu atskdnihtor at 04.00 hr or eves, sometimes at 06.00 hri th~ra is a lot of

individual variation.

9 1 IIOWA1D (UK)

would it not be valuable for unit flight medical off icers to administer fatigue check lists to
aircorw on a routine besis so that they could monitor the type of flying perforled and the
Intensity of fatigue?

£01101' I REPy

Operational flight Surgeona do ask us increasingly for adviose end support to isvestigate fatigue
during local exercise&. I hesitate to give siresw the additional paperwork which routine
Monitoring of fatigue by check lists would involve. I believ, however, that such paper end pencil
tasks can, with value be used by the local Plight Surgeon to aemitor fatigue to aspeific operational
exercises. tn providlng advice to Plight Surgeons on fatigue in sirorew I hmv feumvi the review
by Die Klein and Kepean (AGflAgaoaph No 247, ISigifiasmes of Circadian Sytimm in Aerospace
operations by K a Klein aid I X slgmnn) on ciroadift Arhtles MAd she "M* publiasation by
Dr Laveme Johnson (ACDfldloaph No 193, The Operational Consequences of Slep Deprivation mo Slep
Deficit by L C Johnson and P Vaitob) of considersable value as reference documents for the FIligh
Surgeon in the field.
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DR C E SILLINGS (US)

A further AGARD publication wtitten recently by Up Capt Nicholson on fatigue (AGAIM o nraPh No 210,

Sleep and Wakef•'lness Handbook for Flight Medical Officers by A N Nicholson and 5 N Stone) will also be

of great vatua to Flight Surgeons in the field - for whom it van primarily written. It is well

written and provides a very good e@position of the currant ste of knowledge in this area.

DR L C SONK (NQL)

"wI ould like to comment that Dr Storm's and Kimball's Papers (No it and 20 respectively) MY greate

the imprssion that certain saslurge I such as fatigue @ales of thermal .... a.. cn predict
perormanmen•. it should be realised thatq mesouring porfonsams is, of course&, AIW#Y superior

when the aim is to predict impairment or failure of performance.

Si

DR C I BILLINGS (Us)

The chait notes that both Dr Stotm and Dr limball were very careful not to auggest that their

measures were in any memo predictive of pertotmosto~.

dell


